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Abstract 
A new spot-test for m-dinitroaromatics and their 
derivatives with sodium sulphite in DMSO medium has been 
developed. Method has the advantage that it can be used 
even in the presence of large number of organic compounds 
without any interference. 
The detection of m-dinitroaromatics by a Novel 
NaOH/KOH Pellet spot-test technique offers advantages over 
other methods in the sense that it is selective and can 
detect even nanogram quantities of the substances. 
CHAPTER - I 
INTRODUCTIOM 
The fundamental importance of analytical chemistry is 
shOTnoi by the urgent demand of this branch of Chemistry, Our 
present day knowledge of elements has been made possible by analy-
sis and separations in metallurgy which are dependent on analyti-
cal principles. Starting discoveries in medicine have been depen-
dent on accurate analysis. It is possible for experimental 
research to ascertain the composition of the product formed. The 
methods are accurate, simple, rapid, essential to economic control 
of chemical industries processes. Analytical Chemistry deals with 
the detection,determination and separation of constituents of a 
sample. The determination of nitrogen containing groups is based 
upon reduction with a suitable reducing agent eg. stannous chlo-
ride, titanous chloride and sulphate and many others. For com-
plete determination various types of finish have been suggested, 
1. Gasometric finish 
2. Gravimetric finish 
3. Colorimetric finish 
4. Titrimetric finish 
Both aliphatic and aromatic compounds can be determined. 
Instrumental methods are also used for determination but are not of 
general applicability. Specially for routine anedysis in 3rd world 
analysis. However colorlmetriQ methods are of general applicabi-
lity. These are accxirate, rapid, selective, inexpensive and sensi-
tive, 
Qiromatography is the most widely used analytical technique 
for separation of organic and inorganic substances. The technique 
is based on the principles that they involve a moving system of 
some type (liquid or gas) which is in equilibrium with a stationary 
phase. These phases are so designed that the mixture to be separa-
ted will be distributed between the two, A chromatogram is des-
cribed in terms of Rj, which is 
R «s Distance from starting line to the centre of zone 
F Distance from starting line to solvent front 
Distances are measured from the point of origin. 
Detection is as mich important as separation and determina-
tion of components of a mixture. There are several procedures for 
detection of substances and car\ be classified as follows! 
.2-8 1, Spectroscopic technique 
.11 
9 10 2. Ion-exchange technique * 
3 . cairomatographic technique 
4 . Spot - tes t technique 
Instrumental methods are not of general applicability because 
of expensive instruments, sophisticated instrument handling and 
their use to a limited place eg, instruments can not be used ^ere 
field detection is required. Inspite of their limitations the 
technique is most sophisticated and gives maximim information about 
6 
siibsta]i««« \md%r study. NME» XH, UV arc us«d for dtttctlan of 
organic substances. NMR spectroscopy is used for detection of 
organic functional groups and determination of sucrose • Photo* 
14 
acoustic spectroscopy is also used and its greatest^ advantage is. 
that usually there is no need for sampling eg, haemoglobin could 
be determined in \fdiole blood by photoacoustic spectroscopy without 
any extraction or separation procedures. Although chromatography 
itis usually employed for separation of compounds yet this method 
is very often used for detection. R^ value of a substance under 
specified condition is the means of detection eg. detection of nitro 
con5)ounds on thin layer chromatographic plate. 
The siniplest approach to detection of organic functional 
group is by ion-exchange methods. These are simple, fast, selective 
15 
and inexpensive. Here a solid reacts with a solution. Ions can 
be exchanged from electrolytes and even precipitate can be removed 
by titrating the solution with solid ion-exchange. Nearly all 
current industrial and laboratory applications of ion-exchange are 
based on these i^sins. Ion-exchange resins are efficient catalysts. 
They can bring hydrolysis under relatively mild conditions without 
introduction of new ions. They are particularly advantageous in 
reactions where hydrolysis is required prior to detection. They can 
be successfully used for detection of esters. Resins liydrolyse 
16 17 
esters more effectively than acids do . Qureshi et al ' developed 
a new colour reaction for diphenylamine with the use of resin beads. 
7 
Esters are difficult to deteet iMeause thty havtt no rta#tiv* 
functional group for dttection >C«K) group ia not so rtactiv* 
because of z^ esonance and hydroxamic test for esters is given liy 
IS 
amides and many other similar aoospounds* ^reskL et al developed 
a simple test in which the ester is shaken with a cation exchange 
resin in H"t H**" ions catalyse hydrolysis of esters to give the corres-
ponding acid and alcohol. Resin beads are then filtered* A drop of 
methyl red is added in the filtrate which gives a red colour indicat-
ing -the presence of an ester. Resin acts as a s^aralCLe acid 
catalyst. They do not interfere in the detection of the acid pro-
duced* 
H resin 
RCX)OR» -I- HpO RCOOH + R«OH 
beads 
19 
The tenn spot-test analysis applies to sensitive and 
selective detection methods based on a chemical reaction in which a 
drop of the test solution is brought into contact with a suitable 
reagent on filter-paper, watch glass or porcelain plate* It is a 
very simple and rapid method* Maximum specificity^ selectivity and 
sensitivity is attained only by the proper choice of reaction condi-
tions for analysis and by the use of a masking agent or pH adjust-
ment* Detections are microanalytical and applicable to both inorga-
nic and organic compounds* Importance of spot-test in qualitative 
20 21 
analysis is due to the pioneering effortsof F.Feigl • *Aio has 
largely developed the technique and written a number of books on 
spot-tests in chemical analysis* When a resin serves as a reaction 
8 
m«dia for dttteetion, the test l}eco]aies very cooipaot and easy to 
perfoz^t fast and selective. Resulting resins have been used for 
-yae detection of functional groups as esters, nltrlles aldehydes and 
elements in organic coaqpounds -^  *" by '*Resia spot«test technique"* 
27 Resin spot test developed lay Pujimoto has several advantages• A 
substance is detected by conversion into a coloui^ ed species which 
could be taken upon resin bead surface. In this vfsy selectivity and 
sensitivity of the tests were improved and stability of colours was 
enhanced. These tests were mostly used for the detection of inorga-
nic species on the basis of known colour reactions "^  . West et al 
were the first to develop new resin spot tests for the detection of 
organic functional groups such as esters, amides, IniideB and anilides. 
Some tests have been described for detection of phenols, aliphatic 
amines, primary aromatic amines, aldehydes and substituted hydra-
31 52 
zine •''^  » A radiochemical study shows that coloi^ red species are 
adsorbed but not exchanged on the resin surface but is not satis-
factory. Resin beads also help in e^laining reaction mechanisms. 
Qureshi et al "^  postulated the mechanism of -the reaction of p-
dimethylaminocinnamaldehyde with primary and secondary aromatic 
35 
amines'^ "^  as the colour produced is stable. A nunber of Zwitterionlc 
intermediates with aliphatic amines in alkaline media have been pro-
36'*39 
posed •^ .^ Nitrocompoiinds are known to give interesting but un-
stable colours with aliphatic amines. 
The past few years have seen a dramatic increase in the study 
of electron-donor-acceptor complexes. However, it is unfortunate 
9 
that though mast of them 9xe coXour«d, little use hai been nai* of 
these reactions in Malytlcal Cheialstry* As an extended study of 
EDA complexes in Malytical Chemistry laethods were developed for 
the sepcifie an ion exchange det^etion and determination of all-
40.41 phatic amines ' . The EDA interaction of these were hased on 
42«>44 
Anionic Sigma complexes* Three excellent reviews cover the 
field through 1970. The detection and spectrophotometric deter-
mination of dinitroaromatics are very important as these reactions 
can he used for the analysis of Dinitrophenyl (DNP) derivatives 
of amino acids. Thus DHP derivatives were determined via their 
45 
reaction with cyanide • Perhaps the oldest colorimetric reactions 
in this field is interaction of polynitroaromatics with Acetone in 
46 the presence of Alkali hydroxide, the so called Janovslsy Reaction , 
Tills method was successfully applied to the detection of polynltro-
47 
aromatlcs ', 
laie iii$>ortance of aromatic nitro congsounds arises from the 
fact that these substances are electron deficient owing to electron 
withdrawing nature of the nltro groups. An aromatic nitro compound 
may he represented toy nitrobenzene 
0 
e 
-N 
\ ) -
10 
Khich haa a nitro group having resonating structure an aroaiatie 
nucleus attached to it. The nitro group has a large dipole moment 
with the N atom having a positive charge and the negative charge 
residing the oxygen atom. The group moments of a number of ftinc« 
tional groups are given in the table 1. 
Table 1. Approximate values of some group moments for 
organic coiopounds. 
Functional group 
-0-H 
- 0 -
-.c«o 
«COOH 
-COOR 
-NHg 
-OS 
-KO^ 
*C1,-Br,-I 
Organic compound 
Alcohols 
Ethers 
Ketones 
Carboijylic acids 
Es te r s 
Primary amines 
K i t r i l e s 
Nitro compounds 
Halogen der iva t ives 
Group moments 
1.7 
1.3 
2.7 
1.75 
1.75 
1.3 
3.5 
3.5 
2.0 
The electron withdrawing properties of the nitro group make 
the nitro benzene molecule an acceptor of electrons as the benzene 
ring becomes depleted of electron density. Thus the nitrobenzene 
take part in the fonaiation of electron donor-acceptor complexes. 
These are coloured coiB^lexes and often referred to as charge 
transfer complexes. 
11 
A oharge transfer interaction is a weak physical interaction 
in which the enthalpy change varies from 0-4 Kcal/nole. A alH5)le 
example of the charge transfer interaction is the reaction between 
hexametiiylbenzene and 1-s«lJBtitated-3f5 iii»itrol)waaeae in solution 
as shown below. 
A stronger interaction in \idiich the nitro coa^jounds take 
part in the formation of anionic sigma complexes* These are also 
highly coloured congjlexes and are usef\il for spectroscopic determi-
nation of organic functional groups* These oowplexaa were first 
reported by Jackson and Meisenheimer "^  , The following structures 
have been proposed. Q^ Q £ ^ 
Og^N Or>H 
N0£ k.-^ 
Jackson and Meisenheimer 
original structiare 
Modified delocallzed structure 
12 
where R^ « R^ « CH^ CH, , R^  « R^ « CH,* The X-ray and 
Pl^ studies have ahmwa. that amines react with nitre e^sqpounds to 
form anionic sigma complexes in the ratio of 2|1 for priaiary 
and secondary amines. The reactions of tertiary amines wiiBh aroma-
tic nitro coii5)ounds differ according to the nature of the reactants. 
The nitro compounds on reduction in the acidic, the alkaline and 
neutral media give rise to a number of interesting species. 
Structures of anionic complexes are characterized by crystal studies, 
IR, PI4R, and Electronic Spectroscopy. i^ Iolecular orbital calculations 
are performed. Thermodynamic and kinetic studies of a number of 
nitrocompounds forming anionic coi^ plexes have been reported. 
The in^ortance of aromatic nitrocompounds in analytical 
chemistry has been very well investigated. Solid state reactions 
of these nitrocompounds have been utilized in the characterization 
of organic fimctional groups. They are used as indicators in non 
aqueous titration. They have found application in the separation of 
organic substance by ion-exchange chromatography, high performance 
liquid chromatography thin layer chromatography, gas chromatography 
and liquid chromatography etc. An interesting application of the 
aromatic dinitro coHipounds is the charge transfer paper chromato-
graphy in which 3.5 dinitrobenzoylated papers are used as the 
stationary phase. As the aromatic nitrocompounds give colour reac-
tions with a number of organic substances, they are also used in the 
spectrophotometrie determination of organic compounds. 
13 
A sunrty of thm literature reveals the versatility of aromatif 
§2 
nitrocompounds as analytical reagents» thus thiols'^  can toe convertei 
into uliaftil derivatives for gas chJX>mato graphic analysis by treataeat 
with 2,4 and 2,3 dinitrophenylsulphide. 2*nitroaniline and g^mltro* 
diphenylamine have been used successfully as indicators in non-> 
aqueous titrations of N,N-diacylhydrazines''^ "', An interesting appli-
cation of the aromatic dinitro compound is the charge transfer paper 
54 
chromatography^ , The chromatographic paper is first benzoylated 
with a dinitro compoimd and the substituted anilines are then chro-
matographed, The separated compounds now appear as coloured spots 
on the paper without spraying, any additional reagent for detection* 
The chromatographic procedure is thereby greatly simplified, W»aryl-
N-nitrosamine have laeen detected after separation on TLC plates by 
sequential spraying with dinitrophenylhydrazine and phosphomolybdic 
acid^^. Some anion exchange studies *^ xich nave liigh analytical 
56 potential were reported by Tanaka et al. who determined the distri-
bution coefficients of ortho, meta and para nitrobenzene sulphonio 
acids on enibn-exchange resins« Efforts can be n^de to separate 
57 these isoBters, An elegant use of picric acid colivm"^ ' is in the 
separations of 1,2,3f4 tetrahydroanthracene from 9110-^^1 troanthffacen< 
arxd other hydrogenated products. Tlie methods give, better and cleaner 
separations than by the fractional crystallisation of picrates, 
Dinitrophenylhydrazine can be used for the selective spectrophoto-
58 
metric determination of pyruvic and glyoxalio acids in the presence 
of fittetaldehyde and other carbonyl compounds. It has also been used 
14 
as spraying reagent for free aldehydes in the TLC of these coo^ounds^^ 
Chromatography coupled with paper electrophoresis has been utilized 
for the separation of aroiMti© aaine* after conversion to their 2,4* 
60 dinitrophenyl derivatives with 1-fluoro-2,4-dinitrobenzene . 
Traces of phenol vapours in ppm or ppb range in polluted air such as 
61 
urban air or in tobacco smoke has been determined by HPJLC via deri-
vitization with p-nitrobenzene diazonium tetrafluoroborate» A 
62 
specific determination of formaldehyde in air has been developed 
in which formaldehyde is sampled on silver gel coated with dinitro-
phenylhydrazijie. The sorbent is then extracted with acetonitrile 
and the hydrazine is determined by reversed phase HPLC with UV detec-
tion at 3A0 nm» The reactions of 1-chloro-2,4-dinitrobenzene (Q)NB)| 
dinitrotoluene (DNT) and dinitrophenylhydrazine (DNPH) have been 
6^ 
studied in the solution and solid state in these laboratories. 
Useful methods have been developed for the detection and determination 
of reducing sugars, aliphatic amines, diphenylamine, p-dlmethylamino-
64 benzaldehyde and indole, 0, Rudolph studied the colour reactions 
of dinitrobenzene and various trinitrotoluenes, dinitronaphthalenea 
with an alcoholic solution of NaOH , ammonia and found that it la 
possible to distinguish between various nitx^o-compounds on the basis 
6S 
of colour reaction eadiibited by the four reagents. Canbaclc "^  haa 
studied the differences in behaviour of 29 meta dinitro derivatives 
in their reaction with acetone in alkaline medium by photometric 
66 
methods, Pristera developed methods for quantitative analysis of 
common ether soluble propellents using IR spectroscopy. ExploBlva 
15 
can be analysed in the presence of mononitrotoluene and trl-
nltrotoluene by titration in isobutylketone and DMF « Spot 
test for esqplosives were developed by treatment o£ spot test 
6s TdLi^ dlphenylamine and observing coloiJtr under U.V, 11 ^ t , 
A photosensitive method is used for quantitative detection of 
nitrotoluenes. The colour reaction of 67 nitro con5)ound3 with 
6Q 
ethylenediamine in DMF were studied, Tiwarl ^  detected eight 
compounds by spot-test using sodium tetrahydroborate (III) as 
reagent. 
Owing to numerous applications of aromatic nitro 
compounds in diverse fields a number of compounds have been 
chosen for their detection and determination. The results of 
these studies have been described in the following chapters. 
16 
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CHAPTER - II 
Nanogram Detection of m-dinitroaromatlcs and their derivatives. 
A reevaluation of the spot-test based on l^bce Janavsky Heeiiction 
by Conventional, Resin and a Novel NaOH/KOH Pellet Spot tests. 
INTRODUCTION 
•1 
The Resin spot-test developed by Fujimoto has several 
advantages. The resin beads adsorb charged complexes and give 
the characteristic colour of the con5)lex. Due to a small surface 
area of beads ei»en traces can be detected. It increases selec-
tivity and helps to determine the charge type of the complex. 
The Resin spot tests have been widely applied to inorganic 
substances. Their applications, however, to organic compounds 
2 5—8 
have been limited , Qureshi et al have used ion exchange beads 
for the detection of a member of organic functional groups. 
11 
Seilchi developed a spot test for m-dinitroaromatics using 
NaOH as the reagent. We have developed a siingple technique which 
takes the sensitivity from the microgram(Seiichi's Test) to the 
nanogram. The impetus of this work was mainly due to our recent 
9 
interest in Anionic Sigma complexes . 
EXPERIMENTAL 
Materials i Most nitroaromatics were guaranteed reagents 
(£» Herek Darmsdadt), and were used as such. Some were Lab Reagents 
22 
(B.D.H, Poole, England), these were crystallised by standard 
10 procedures and the melting points were in agreement with 
Iriterature value• Dimethylaulphotlde was Baker Analysed reagents. 
Acetone was E. Merck India Ltd. and Dimethylformamide was BDH 
Analar. NaOH/KOH were of E. Merck India Ltd, 
A micropipette (standard made in W. Germany) was used the 
accuracy was within + 3% 
PROCEDURE 
Three procedures were used, 
(a) Transfer one drop (.001 ml) of the test substance on a white 
spot plate, followed by one drop of a half saturated NaOH/KOH 
solution in conductivity water. The colour was noted. This 
was repeated in the presence of an additional drop of DMSO, 
Acetone or DMF respectively. 
(b) A few resin beads (Amberlite IRA AOO Cl" form) was placed in 
the depression of a white spot plate. One drop of the test 
substance (,001 ml) was transferred on the beads followed by 
other reagents aa described in method (a). 
(c) A clean NaOH/KOH pellet was placed in the depression of a white 
spot plate. One drop (0,001 ml) of the test substance was 
placed in the centre of the pellet and colours noted. The test 
was repeated in the presence of Acetone. DMSO or DMF respective-
ly and colours noted. 
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A number of other organic compounds were found not to 
interfere with the test. They include carbohydrates (Xylose, 
sta?ias,^  galactose, maltose, fructose (L(4)-arbinose, lactose, 
D(+)-m8uLezitose, glucose, rhamnose, sucrose); acids (acetic, 
formic, tartaric, phthalic, pyrogallic, oxalic), alcohols 
(propan-2-01, ethyl, methyl, 2-methyl-propan-2-01, asyl, isoamyl); 
heterocyclic bases (pyridine, piperidine)| aldehydes 
(formaldehyde acetaldehyde, benzaldehyde, paraldehyde, p-
chlorobenzaldehyde) I ketones (acetophenone, cyclopentanone, 
cyclohexanone, propiophenone, benzophenone)} hydrocarbons and 
their derivatives (benzene, xylene, o-dichlorobenzene, bronK)benzene, 
toluene); ethers (diethyl, anisole, 1,4-dioxan); amino acids 
(DL-taryptophan, L-lysine, DL-phenylalanine, L-histidine) j anilides 
(acetanilide, benzanilide)j nitriles (aceto, benzo); amides 
(acetamide, benzamide); amines (trimethyl, triethyl, methyl, diethyl, 
aniline, diphenyl); phenols (phenol, m-crescol, resorcinol); 
miscellaneous (chloroform, carbon tetrachloride, urea, thiourea). 
The limit of detection for a nvimber of nitrocongjounds was 
determined and the results are s\immarised in Table 
DISCUSSION 
The type of reactions on which this spot test is based 
belong to a general reaction involving a conpound that contains an 
24 
ar^Mftti^ riJig with two or thrt« ele$tr@n attracting groups in 
the Beta position and an anion siiitably activated to give highly 
coloured complexes • 
A glance at table 2 shows that the sensitivity can be 
iiEproved by replacing the conventional spot test, by the resin 
spot test and this can further be improved by the novel "NaOH/KOH 
pellet spot test" and in general the sensitivity follows the 
orders? 
Pellet } Resin > Conventional 
V/e have also manipulated the solvents and in addition to acetone 
(used in the original spot test). We have used two dipolar 
aprotic solvents DMF and DMSO, A trend immediately apparait in 
the order of sensitivity isj DMSO "> DJ1F > Acetone which also is 
the order of the dielectric constants. DMSO has a special abili-
13 ty to stabilise such anionic species . 
Test substances (nitroaromatics) which gave yellow or orange 
colours were not considered, 1-Fluoro-2,4«-dinitroben2ene gives a 
violet colour with acetone, an orange red colour with DMF and a 
blue violet colour in the presence of DMSO, Therefore there is 
potential of using these interactions to develop solvent polarity 
14 15 
scales parallel to those of Kamlet et al ' . There is also 
scope of using these reactions as acidity indicators * . 
The analytical results discussed, a discussion of mechanis* 
tic aspects now follows* The colours in the solutions of polynitro-
i I 
o s I 
N 
? r 
I 
•
FM
 
I 
o 
t) 
?o
 
o 
bd
 
o 
<
 
o 
o 
o 
O
C
T 
W
 
ty
 
P 
I 
I 
I 
*
0 
0 
O
 
S 
<0
 
f*5
^
 
fJU
SF 
tj^
 
o 
"
a 
B 
^
 
1^
 
!s:
 
is:
 
P*^
%
 
•
•
*
•
 
•
*
!••
 
•
•
•
•
 
B 
p B
 
H»
 
P*
.
 
p 
H 
H 
H 
S- 
& 
& 
N 
N 
K 
PJ
 
jL 
{!j o* 
*
d 
"
d 
*
d 
-
 
ts
-
 
ts
-
 
V 
O.
 
p.
 
0«
 
(D 
n>
 
(D
 
0j 
pu
 
Qj
 
(D
 
(P 
® 
(0 o 
o 
o 
(0 
(D
 
i o O o <+ o i O 9 
5 3
 
tS
'
H
O
'
d 
g 
o 
fl>
 
t o
 
ro
 
p 
o 
"
 d 
o 
rt -
FS
 
i?
 S 
ir
^
 
O
H
^
I 
M
 
»
 
H «
 
O
 
H "
 
^
 
I 
( D 
^
 C O
 
f+
P 
M
 
? D
 
d
'
O
 
C O
 
ffi
 
( D 
e.
»
o 
o
 
t o 
p 
»
-
3 P &
 
H (0 ro
 p. o p . O g p . o o p . 
<*~iVi 
<J 1-3 02 
(1> j i 
Cti 
^ 
0 
< 
H> 
O 
H 
<0 
» * • 
n3 
^—' 
g 
t ^ o 
H «< 
O 
»d o 
<+ 
i 
^ 
0 
t+ 
s 
€*• 
H* 
S 
& 
^ 
•d 
o 
03 
{iJ 
n3 33 JO 
O p H3 
c Pro 
0* - M 
© CO c+ 
CO n> R!^  
,00 H 
H c f 0) 
ro • I CO ?Dffi 
rH!) a 
_ H » 0 
^ s ^ * * 
•1 O 
i"* o ^^  
• • - > > 
n3 o » 
n> 
ca p3»0 
fl» O 
p< «+ 
1 
(D 
n d-
Q 
® 
JO 
•< < 
o 
H 
TO 
< 
O 
H (0 
cf 
«« 
i 
CO 
I 
f f 
o 
i I I 
<Hf/i 
B 
t i I 
O - ^ -A O O 
coo *- fu v*j 
O O O 4 > O N O 
*Xip3 O t ) Jo O 
t I I 
O O O 
OV>JOD CD rv»o 
•t! ?D O 
I i t 
• • • 
O O O 
? 
f 
p. f 
o 
•d 
© 
3 
© 
I I I 
I I i 
• • • 
O -^ "^ 
r^ 
O 
© 
vx ro 
1 
w 
p 
^ 
f t 5 
o cf 
N o p. 
o 
JB 
o 
f 
o 1-^  
t3 
H. 
H-
S 1 
H 
g-
© 
I I I 
i I I 
• • • 
O O N) 
I I I 
• • • 
O O O 
I I I 
- _ - - ^ _ _ 0 4^00 
O V*l f- V j iOQ fO^^ifi- -*|yff\ O*^--*^ 
*- |V>0 O O O O O O 4 > < » 0 4 > S ' 0 
* t )pDo • n p o o • t i jDO *vp3a *v 
§ o ? •t! 
VX VJl vx 
O VJ1\D o 
o 8 'S OVjJOs U l O O I I I 
'H tO <HCO < H € C 
27 
aromatica with bas* can fee due to a variety of interactions will 
be discussed individually. The various species, spectral charac-
teristics and conditions are discussed, 
18 
1) m*Dinitrobenzene i 
The various possible species are 
Ci^) > yn&o< 3 S'OoTim 
y=dn 
tt J 
S^y "Dm 
2) 1-Chloj?o-2,4'-dinitrobenzene and 1,Fluro-2,4-dinitrobenzene*^•« 
(ih) Aw(^ x -
^ ^ ^ X 
^mooi'- ^ ^ ^ ' ^ ^ 
x ^ QX f 
A 
rv]^y ; ^ 0 0 TO-m 
28 
19 2 
3) 2,4»Dinitroaniline and 2,4-Dinitrophenylkydrazine i 
hi-y< 
(hi) X-- Ni^z 
> ^ / » . ^ 6^ C> '^ro 
4) 2,4-Dinitrotoluences 
This reaction is fairly coinplicated as it can give rise 
to deprotonation, based addition as well as radical formation. 
The reaction of p-Nitrotoluene with bases has been studied in 
20 detail and since the spectral characteristics with 2,4-Dinitro-
toluence are similar on analogous reaction sequence would 
predict the colour-forming species to be: 
A^... 2^)D6b'OTOTn 
^ro^ f N^ 
^0^ 
ll^^v •e ||,ct ^ 
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5) 3f!5*Dlnitrobenzoic Acidi 
The colour in this reaction is most probably due to 
attac^ t ^£ QU" oa. the con4ugate base of the acid. 
{s^) 
3-6 6) 1,3»5-Trinitrobenzene i 
The reaction on which this spot-test is based are much 
different than the reactions on which the original spot-test was 
based. This is because the presence or absence of acetone has 
a profound effect on the nature of the coloixr forming reaction, 
and hence the coloxir produced. In the presence of acetone 
"Janovsky" adducts are formed e.g.. 
'•NO, 
l-l CHj^ O) cHj^ 
(A) 
30 
from 1,3-cilxdtrobenzene. In the absence of acetone the adducts 
wil l resiil t from base a t tac i r* 
2,4-Dinitrophenol does not give a colour under the i*eaction 
21 22. 
conditions. The test 6an be used virtually for all dinitro and 
trinitro compounds having two niti^ groups in the raeta position 
and is expected to be extremely sensitive. 
A novel feature is the "NaOH/KOH pellet Spot-Test", 
which gives maximum sensitivity. Both an interface phenomenon 
and the very high concentration of closely packed OH*" groups on 
the siirface contribute in this equilibrium reaction. 
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CHAPTER - III 
A Jiew £^^t-test for m-dinitroaromatics and their derivatives 
with Sodiiim Sulphite in Dimethyl sulfoxide. 
In a continuing programme to develop methods for the 
detection, determination and separation of important classes of 
organic compounds, an attempt has been made to use mi-dinitro« 
aromatics as reagents in organic analytical chemistry. A survey 
of the literature shows that some anionic complexes with 
sulphite are Imown but has not been used for the analysis of m-
dinitroaromatics and their derivatives. The two most popular 
tests today utilize alkali hydroxide in a dipolar aprotic solvent 
and potassium cyanide. 
The latter method is rather unattractive due to the 
extremely poisonous nature of the reagent. In the former the 
colour is produced is strongly dependent on the substituent at 
the one position and hence the test can not be considered as a 
general one for the 2,4-dinitrophenyl derivatives of aminoacids. 
We, therefore, screened in the first instance representative 
members of the 2,4-dinitrophenyl group using a saturated solution 
of sodium sulphite in various dipolar aprotic solvents and we 
noted that with all the members tested an identical blue-violet 
colour was obtained. Hence the spot*test shows promise for the 
characterization of the 2,4 DNP group of the amino acid unambi-
guously. 
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EXPERIMENTAL 
Materials: Most nitroaromatics were guaranteed reagents 
(E. Merch, Darmsdadt) and were used as such. Some were Lab 
Reagents (B.D.H. Poole England) these were ceystallised by-
standard procedures and the melting point were in agreement with 
Literature value* Dimethylsulfoxide was Baker Analysed reagents. 
Acetone was E. Merch India, Ltd. and Dimethylformamide was BDH 
Analar, Na2S0, (BDH, Poole England), A micropipette (standard 
made in W, Germany) was used the accuracy was within + 3%» 
PROCEDURES 
Two procedures were used: 
(a) Transfer one drop (.001 ml) of the test substance on a \irtiite 
spot plate followed by one drop of a saturated NapSO^ solution 
in conductivity water. The colour was noted. This was repeated 
in the presence of an additional drop of DMSO, Acetone or DMF res-
pectively. The colour of the product is deep or light violet in 
each case. 
(b) A few resin beads (Amberlite IRA 400 Cl~ form) was placed in 
the depression of a i^ iite spot-plate. One drop of the test 
substance (.OOiml) was transferred on the beads followed by other 
reagents as described in method (a). 
35 
RESULTS 
A number of dither organic conrpounda were found not to 
interfere with the test, TJiey Include carlx)hydrates, (Xylose, 
starch, galactose, maltose, fructose, L(-«-) arbinose, lactose, 
D(+) malezitose, glucose, rhamnose, sucrose) acids (acetic, formic, 
tartaric, phthalic, pyrogallic, oxalic) alcohols (propan-2-ol, 
ethyl, methyl, 2-methyl-propan-2-ol, anyl, isonyl) heterocyclic 
bases (pyridine, piperidine) aldehydes (formaldehyde, acetaldehyde, 
benzaldehyde, paraldehyde, p-chlorobenzaldehyde) ketones (aceto-
phenone, cyclopentanone, cyclohexanone, propiophenone, benzophenone) 
hydrocarbons and their derivatives (benzene, jqrlene, o-dichlorob«n.r 
zene, bromobenzene, toluene) ethers (diethyl, eunsole, 1,4-dioxan) 
amino-acids (DL-tryptophan, L-lysine, DL-phenylalanine L«histidine) 
anilides (acetanilide, benzanilide) nitriles (aceto,benzo) amides 
(acetamide, benzamide) amines (trimethyl, triethyl, methyl, diethyl, 
aniline, diphenyl) phenols (phenol, m-cresol, resorcinol) miscer 
llaneous (chloroform carbon tetrachloride, urea, thiourea). 
The limit of detection for a number of nitrocompounds was 
determined and the results are siimmarised in the table. 
DISCUSSION 
A glance at Table 3 shows the resin spot test to be mucJi more 
sensitive than the conventional spot-test DMSO seems to be the solvent 
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Table- 3. Limits o£ detection in miorograms/O.OOl nH 
Name o£ Compound 
3»5-Dinitro Benzoic 
acid 
1-Chloro-2,4-Dinitro 
benzene 
1-Fluoro-2,4-Dinitro 
benzene 
2,4-Dinitrotoluene 
m-Dinitrobenzene 
2,4-Dinitrophenyl 
hydrazine 
2 f 4-Dinitroaniline 
1i3:5 Trinitro 
Benzene 
d 
a IMF - Pimethylformamide 
to m/iSO - Dimethylsiilfoxide 
Acetone 
.08(R) 
4.0(C) 
.16(R) 
-(C) 
.16(R) 
-(C) 
-(R) 
-(C) 
.12(R) 
-(C) 
4.0(R) 
-(C) 
4,0(R) 
-(c) 
,080(R) 
.10(C) 
DMF^ 
.04(R) 
2.0(C) 
.16(R) 
.80(C) 
.12(R) 
3.0(C) 
.80(R) 
-(C) 
.10(R) 
.80(C) 
2.0(R) 
-(c) 
.40(R) 
-(c) 
.060(R) 
.08(C) 
ABBREVIATIONS 
(c) -
(R) -
Conventional 
DMSO^ 
.04(R) 
1,6(C) 
.10(R) 
.60(C) 
.oa(R) 
1.5(C) 
.40(R) 
-(C) 
.080(R) 
.40(C) 
1.6(R) 
-(C) 
.20(R) 
-(c) 
.040(R) 
, 06(C) 
Test 
Resin Spot-test 
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of CSioiCG over DMF and Acetone and this fact is in consonence 
with the solvent effect of Anion Sigma Complexes. Apart from th* 
great sensitivity of most published tests a very interesting 
feature was revealed i.e. confounds containing electron donor 
groups like 2,4-dinitrotoluene, 2,4-Kiinitroaniline and 2,4-dinitro« 
phenylhydrazine do not gave a color by conventional spot test but 
on the resin a positive response is obtained. This is because of 
electron donor group enhance the electron density within the ring 
which were depleted due to the two nitro groups. Apart from the 
facts of tne resin spot-test mentioned in the previous chapter a 
further important role by the resin is played in the present case. 
Taking 2.4-dinitroaniline as an example ^ 
cr^^ 
0 ( :^ 
NDr 
-NO 0. 
(i^) 
Ground State Resonance Stabilization 
IXie to groxjnd state resonance stabilization (1a) there is 
already surplus negative charge on the ring and hence a laich lower 
probability of anion attacking the ring. l«fhen such a coB^ pound is 
adsorbed on the resin the excess charge is transferred to the 
large resin matrix Clb) thereby lowering the electron affinity 
of the acceptor (1c) and hece A E.^\ A £« and A o/^i ®^ *^  there-
fore the resin is coloured. 
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Electron affinity of 
acceptor with an 
electron dorior gp. 
Large piasitiver 
matrix of the 
anion exchanger 
^ Small 
anion 
7K 
lonisation 
potential of 
the Anion 
The matrix withdrawing electron 
density from the dinitrogroup with 
an electron donor group. 
&^ 
JbL 
Electron affinity 
of acceptor with an 
electron donor 
adsorbed on the resin 
surface 
jij^ 
^e. 
oo 
